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(57) An apparatus for producing deionized water, 
which has an ion exchanger accommodated in deminer- 
alizing compartments of an eiectrodfejyzer having cat- 
ion exchange membranes and anion exchange 
membranes alternately arranged between an anode 
and a cathode, wherein the ion exchanger is a compos- 
ite ion exchanger comprising a first porqUs iori 
exchanger (A) having a mixture of 60 to 95 wt% of cat- 
ion exchange resin particles and 5 to 40 wt% of anion 
exchange resin particles bonded to each other and a 
second porous ion exchanger (B) having a mixture of 60 
to 95 wt% of anion exchange resin particles arid 5 to 40 
wt% of cation exchange resin particles bonded to each 
other." •' 4 " ■• ' ' J ; •'" 
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Description 



The present invention relates to an apparatus for 
\ producing deionized water. -hm^us ror 

l > w a »pr7 t0fore ' aS 3 meth0d for Pacing deionized 
, water. it >s common to obtain deionized water by pass- 

yr^watertobetreated^roughabed^ 

T 80 ** impUn,y i6ns are remoV ed ^ 
adsort>ed on the ion exchange resin. Here, it is common 

IT? * 3 Z ° f re 9 eneratin 9 the ion exchange 
SSiJT 8 '° n ' exchan 9 in 9 adsorbing abilities 
ZZS'f* "T 5 ° f an acid or ^ However, this 
method has problems that a troublesome operation is 

for ^regeneration, is discharged. Therefore, a method 
for producing deionized water which requires no such 
regeneration, is desired. «huh«s no sucn 

pi J^r", SUCh „ a VieWp0int 3 Regenerating type 
e ectrod.alysjsde.onizing method using a combLtion 
of an .on exchange resin and an ion exchange mem- 

^1^1 " ,eCen " y nofaJ - ™ s "ethod employs 
an e^ctrod,alyzer having anion exchange membranes 
and cation exchange membranes alternately arranged 
to form dem.neraliz.ng compartments and having an ion 
exchanger accommodated in the deminerafizing com- 
partments, and ^designed to apply a voltage while sup- 
plying water to be treated to the deminerafizing 
compartments to carry out electrodialysis to produce 
de.on.zed water, while regenerating the ion exchanger 
accommodated jn the deminerafizing compartments 

With regard to this method, mere have' been pro- 
posed a method of limiting a width and a thickness of a 
dem.nerahz.ng compartment (JP-A-61 -107906) a 

Srm n J? 8 ion ^<* an 9 a Particles having a 
unrform particle size to be packed in : a demineralizL 

HS^T * BVM! *Wft ^hielh^o^singS 
anion exchange resin as an ion exchange Vesin'to be 

Sc 2 IT wn ere>ater to be treated is inifially 
passed (JP.A-4-71624), a method of ^a m^reof 
an .on exchange resin and an ion exchange fiber as an 
■on exchanger to ^packed in axfemineralking com- 
partment (JP-A-S277344). and the like ; 

However, a purity of detonized water was not stable 
due to such problems that ion exchangers: having the 
same m charges were aggregated each other 'that 
•on exchange resin particles or fbers.were damaged by 
a water stream and that efficient derrfinerSizatioKhd 
regeneration could not be conducted 
ttw '"^ ,0 soly e the above mentioned problems 
Proposed a method of introducing ion 
exchange groups .nto a non-woven cloth such as poly- 

^TS a S Propylene by 9 ra «-fo^tion by radia- 
tion (JP-A-S64726. JP-A-5-131120). a method of 

Sh T" ,ike ^ aWer a ^le 

«b ous form of a spot-like structure of an ion exchange 

ttefikf 3 rein, ° rCin9 P0lymer (J p -A-6-79268). and 
According to these methods, an ion exchanger is 



fixed, but these methods have various defects that it is 
necessary to use radiation. thaTif step of making com- 
posite fibers is complicated, and that a mechanical 
strength is not always satisfactory. 
s Thus, an object of the present invention is to stably 
produce deionized water having a high purity at a low 
voltage by a self-regenerating type Weetiodialysis 
de.on.zation method using a combination of an Ion 
exchange membrane, and an ion exchanger fixed with- 
io out a complicated step of using radiatioa i ; 

That is, the present invention provides an appara- 
tus for producing deionized water, which has an ion 
exchanger accommodated in deminerafizing compart- 
ments of an electrodialyzer having cation exchange 
is membranes and anion exchange membranes alter- 
nately arranged between an anode and a cathode 
wherein the ion exchanger is a composite ion 
exchanger comprising a first porous ion exchanger hay- 
ing a mixture of 60 to 95 wt% of cation exchange resin 
so particles and 5 to 40 wt% of iariion exchange resin parti- 
cles bonded to each other and a second porous ion 
exchanger having a mixture of 60 to 95 wt% of anion 
exchange resin particles and 5 to 40 wt% of cation 
exchange resin particles bonded to each other: 
25 Hereinafter/ in the present specification, a first 
porous ion exchanger means an ion exchanger having a 
mixture of 60 to 95 wt% of cation exchange resin parti- 
cles and 5to 40 wt% of anion exchange resin particles 
bonded to each other, and a second porous ion 
30 exchanger means anion exchanger having a mixture of 
60 to 95 wt% of anion exchange resin particles ahd 5 to 
40 wt% of cation exchange resin particles bonded to 
each other. 

In the present invention, an ion exchanger com- 
35 pnses a first porous ion exchanger and a second porous 
ion exchanger. By using this ion exchanger. a^ecjfic 
amount of electric current can be applied a f a low volt- 
age and ! denization can i be earned out at a high level: 
Thus, by using the first pprpus ion exchanger and. the 
40 second porous ion exchanger of the above mentioned 
compositions, moving [distances of ion components can 
be shortened and dissociation of water can be fully car- 
ried out to achieve satisfactory deionization perform- 
ances. 

is In accordance with a voltage gradient, ion compo- 
nents transfer through the same kind of ion exchange 
particles in contact with each other and move through a 
demineralizing compartment and permeate through a 
membrane to reach a concentrating compartment 
so Thus, m order to make the movement of ion compo- 
nents easy, it is preferable that the same kind of ion 
exchange resin particles are aligned in the direction of 
voltage. Like the first porous ion exchanger and the sec- 
ond porous ion exchanger, an ion exchanger, the same 
55 kind of .on exchange particles of which are continuously 
aligned to some degree in the direction of voltage is 
preferable since ion components can transfer easily 
therethrough. 



On the other hand, when dissociation of water 
occurs, protons and hydroxy! ions are generated to fully 
supply cations and anions without providing a bad influ- 
ence on water quality, and this is preferable for improv- 
ing ionization performances. In order to fully cause 5 
dissociation of water, it is important to , make cation 
exchange resin particles in contact with anion exchange 
resin particles. Since the first porous ion exchanger and 
the second porous ion exchanger have oppositely ion- 
ized ion. exchange resin particles made.in contact with io 
each other in the inside to some extent dissociation of 
water can be fully caused. 

; A composite ion exchanger comprising a first 
porous ion exchanger and a second porous ion 
exchanger has a water permeability of at least 1 kg- cm' 15 
**h'\ particularly at least 10 kg^cm^h* 1 under a 
pressure of 0,35 kg. - cm" 2 . If the water permeability is 
lower than 1 kg •cm" 1 -h:. 1 , an amount of water treated 
is reduced or operationifequires an unfavorably high 
pressure. % 20 

The water permeability is determined by preparing 
a sample of a column-like body (e;g. rectangular or 
cylindrical column) having two bottom faces arranged in 
parallel each other, introducing water under a pressure 
of 0.35 kg •cm? 2 through one bottom face without leak- 2s 
ing water from the side face, and measuring an amount 
of water flown through the other bottom face. The water 
permeability is expressed by the formula WL/A (kg • cm" 
1 • h' 1 ), wherein A (cm 2 ) represents an area of the bot- 
tom face,- L(cm) represents a height of tha cdlumn-like 30 
body i.e. distance between the two bottom faces, and W 
(kg • h" 1 ) represents a permeation amount of water per 
hour. A and L can be optionally determined, but A is 
preferably in the range of from 1 to 1000 cm 2 , and L is 
preferably in the range of from 1 to 100 bm: .■ 35. 

Examples of patternsyof a combination of a first 
porous ion exchanger and a second porous ion 
exchanger include a layered pattern of striped pattern, a 
pattern of one continuosibody and the other polka-dot- 
ted pattern, a checkerwise pattern, and the like. Also, a ao 
binder polymer having to ion exchanging property may . 
be placfed between ion exchangers. 

In the present invention, the first porous ion 
exchanger and the second porous ion exchanger can 
be arranged so as to provide an aimed pattern, but pref- 45 
erably the first porous ion exchanger and the second 
porous ion exchanger are combined into one body. 

In the present invention, it is preferable to prepare a : 
composite ion exchanger in the fol(owing>manner. First, 
a first porous ion exchanger comprising ion exchange so 
resin particles and a binder polymer is formed. Sec- 
ondly, a second porous ion exchanger comprising ion 
exchange resin particles and a binder polymer is 
formed. Thereafter, depending on their uses, these ion 
exchangers are cut into appropriate shapes, and are 55 
combined to provide a desired pattern. 

Further, examples of a method for fixing an ion 
exchanger into ah electrodialyzer include a method of 



preparing a composite ion exchanger having a first 
porous ion exchanger and a second porous ion 
exchanger formed into one body and then fixing the 
composite ion exchanger into an electrodialyzer, a 
method of preparing each -of- a first porous ion 
exchanger and a second porous ion exchanger and 
then forming the two ion exchangers into one body at 
the time of fixing them intaan electrodialyzer, and the 
like. Ion exchange resin particles constituting the first 
porous ion exchanger and the second porous ion 
exchanger have an average particle size of preferably in 
the range of from 50 to 2000 urn. If the average particle 
size is less than 50 pm, a vacant pore diameter of a 
porous ion exchanger becorpes too small to smoothly 
flow water through a demineralizing compartment 
thereby reducing an amount of treated water. On the 
other hand, if. the average particle size exceeds 2000 
pm, a surface area of the ion exchanger is. insufficient, 
and the efficiency of ion exchange treatment is lowered. 
Thus, it is more preferable that the ion exchange resin 
particles have an average particle size of from 300 to 
1000 urn. The jon exchange resin particles: are synthe- 
sized so as to have an average particle size in the above 
mentioned range or pulverized so as to provide an aver- 
age particle size in the above mentioned range. , 

The ion exchange resiri particles may be in various 
forms of spherical, oval, piate*like, disk-like, or rod-like 
shapes which can be formed into a porous layer of an 
aggregate; but a spherical shape is particularly prefera- 
ble since it provides an excellent water permeability. 

The ion exchange resin particles: have , an ion 
exchange capacity of preferably from 0.5 to 7.0 meq/g 
dry resin. If the ion exchange capacity is less than 0:5 
meq/g dry resin, adsorption arxT demoralisation of 
ions can not be; satisfactorily carried out in a demineral- 
izing compartment, and a water purity of deionised 
water is lowered. 

On the other hand, if the ion exchange capacity is 
more than 7.0 meq/g dry resin, a strength of the ion 
exchange resin particles is unfavorably lowered. More 
preferably, the ion exchange capacity is in the range of 
from 1.0 to 5.0 meq/g dry resin, and in such case, 
deionized water having a high purity can be obtaihed 
and performance stability is also excellent Further, the : 
ion exchange resin particles having an ion exchange 
capacity in the above mentioned range are widely used 
for general water treatment and are easily commer- ; 
daily available at a low price. This is a great industrial 
merit. 

As an: ion exchange resiri group of the ion exchange 
resin particles, a strong acid type, e.g. a sulfonic acid 
type cation exchange group, and a strong base type, 
e.g. a quaternary ammonium type or pyridinium salt 
type anion exchange group, are preferable in view ofion 
exchange property and chemical stability. 

The first porous ion exchanger or the second 
porous ion exchanger is used preferably by binding ion 
exchange resin particles with an adhesive polymer. . 
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The adhesive polymer is used preferably in a 
weight amount of from 0.5 to 20 wt%, more preferably 
from 1 to 10 wt%, on the basis of the weight of the 
, porous ion exchanger. 

i If the weight amount of the adhesive polymer 5 
; exceeds 20 wt%. the surface of the ion exchange resin 
\partides is too much coated with the adhesive polymer, 
and consequently there are provided disadvantages 
that an adsorptivity of ion components is lowered, that a 
flow amount of a liquid to be treated is reduced due to to 
the reduction of porosity, and that a pressure loss 
becomes large. If the weight of the adhesive polymer is 
less than 0.5 wt%. a strength of the porous body 
becomes small, and consequently it becomes difficult to 
handle the product. 1$ 

As the adhesive polymer, a thermoplastic polymer 
or a solvent-soluble pblymer is preferable in view of a 
production method of the porous ion exchanger. Fur- 
ther, a polymer having an ion exchange group is more 
preferable in order to prevent the lowering of a purity of 20 
deionized water.. 

An ion exchange capacity of the adhesive polymer 
having the ion exchange group is preferably from 0.5 to 
5 meq/g dry resin.- If the ion exchange caparity is less 
than 0.5 meq/g dry resin, the demoralisation of ions 25 
adsorbed by the ion exchange resin is not satisfactorily 
carried out, and the purity loHreated water is liable to be 
unfavorably lowered. An adhesive polymer having an 
ion exchange capacity of from 0.8 to 3 meq/g dry resin 
is particularly preferable since it provides a deionized 30 
water having a high purity and an excellent performance 
stability. 

Examples of the thermoplastic polymer include a 
low density polyethylene, a linear low density polyethyl- 
ene, a high density polyethylene having an ultrahigh as 
molecular weight, polypropylene, polyisobutylene. vinyl 
acetate, ethylene-vinyl acetate copolymer, and the like. 
Also, examples of the solvent-soluble polymer include 
natural rubber, butyl rubber, polyisoprene, polychloro- 
prene. styrene-butadiene rubber, nitrite rubber, vinyl 40 
chloridealiphatic acid vinyl ester copolymer, and the 
like. 

Further, examples of a polymer having an ion 
exchange group include a polymer containing polysty- 
renesulfonic acid, polyvinylsulfonic acid, poly(2-acryla- 45 
mide-2-methyIpropanesulfonic acid), polyacrylic acid, 
polymethacrylic acid, perfiuorosulfonic acid or its salt 
Further examples include a polymer containing polyvi- 
nyl benzyl trimethylammonium chloride, a polymer con- 
taining poly(4-vinylpyridine). poly(2-vinylpyridine) so 
poly(dimethylaminoethylacrylate), poly(1-vinylimida- 
zole), poly(2-vinylpyrazine), poly(4-butenylpyridine) 
poly(N.N-dimethylacrylamide), poly(N,N-dimethylami- 
nopropylacrylamide), or their quaternary ammonium 
compounds, and a polymer containing polyethylene- ss 
imine, and the like. 

Among the above polymers, when using a watersol- 
uble polymer, it is preferable to use an adhesive poly- 



mer solution having a crosslinking agent added and 
subjected to crosslinking treatment- 
Preferable examples of a method for preparing a 
porous ion exchanger by using an adhesive polymer in 
accordance with the present invention include a method 
which comprises heat-kneading ion exchange resin par- 
ticles and an adhesive polymer and then heat-faming 
the kneaded material into a sheeMike material by a flat 
plate press or the like, a method which comprises coat- 
ing ion exchange resin particles with an adhesive poly- 
mer solution and evaporating the solvent to cure, a 
method which comprises heat-mixing and forming an 
adhesive polymer, a pore-forming agent and ion 
exchange resin particles and then extracting the pore- 
forming agent and a method which comprises coating 
ion exchange resin particles with an adhesive polymer 
solution having a pore-forming agent.dispersed, curing 
and then extracting the porerforming agent " 

Among theiabove illustrated methods, the method 
which comprises heat-kheading ion exchange resin par- 
ticles and an adhesive polymer and then heat-forming 
the kneaded material into a sheet-like material by a flat 
plate press and.the method which comprises heat-mix- 
ing and forming an adhesive polymer, a pore-forming 
agent and: ion exchange resin particles: and then 
extracting; the pore-forming agent are particularly pref- 
erable in view of formability and specific resistance of 
the porousjop exchanger thus obtained. The heat-form- 
ing temperature of the above adhesive polymer is not 
particularly limited, but is preferably from 120 to 180°C 
in view of heatresistance of ion exchange resin parti- 
cles. 

Further, when an adhesive polymer solution is 
used, a concentration is not specially -limited, but is pref- 
erably from 5 to 50 wt%. Examples of a solvent used 
include water, and a general organic solvent such as 
alcohol, ketone, ester^ and the like. In the method which 
comprises coating^ion exchange resin particles with an 
adhesive polymer solution and evaporating the solvent 
to cure, the adhesive polymer solution may be coated 
on the ion exchange resin particles placed on a mesh or 
porous body as a support and then dried, or the ion 
exchange resin particles; may be dipped in the adhesive 
polymer solution, dried and then heatrpressed. 

When using a pore-forming agent, the pore-forming 
agent is added preferably in an amount of from 5 to 40 
wt% to the weight of an adhesive polymer. The kind of 
the pore-forming agent is not specially limited as long as 
it can be extracted with a solvent, and a polymer powder 
of polyvinyl alcohol, polyester or the like is preferable. 

The apparatus for producing deionized water of the 
present invention, has an ton exchanger accommo- 
dated in demoralizing compartments of an electrodia- 
lyzer having cation exchange membranes and anion 
exchange membranes alternately arranged between an 
anode and a cathode. 

A preferable embodiment is illustrated below. That 
is, a preferable apparatus contains plural sheets of cat- 



ion exchange membranes and anion exchange mem- 
branes alternately arranged and from 2 to 300 sets of 
demineralizing compartments and concentrating com- 
partments alternately arranged in series between an 
anode compartment provided with an anode and a cath- 5 
ode compartment provided with a cathode, each of the 
demineralising compartments being compartmentalized 
with an anion exchange membrane on the anode side 
and compartmentalized with a cation exchange mem- 
brane on the cathode side and each of the concentrat- w 
ing compartments being compartmentalized with a 
cation exchange membrane on the anode side and 
cpmpartmentalized with an anion exchange membrane 
oh the cathode side. Demineralization is carried out by 
applying an electric current, while passing water to be: 15 
treated through the demineralizing, compartments and 
passing water through the concentrating compartments 
to exclude concentrated salts, 

, : . It is preferable to apply a few volts of voltage to each 
unit cell to cause dissociation of water in demineralizing . 20 
compartments. 

An ion exchanger is preferably accommodated in 
demineralizing compartments under a pressure of from 
0.1 to 20 kg • cm:?, particularly from 0.5 to 10 kg • cm* 2 . 
If a pressure difference to the atmospheric pressure is 25 
less than 0/1 kg • cm" 2 , a short pass is liable to be 
formed in a gap between the ion exchanger and a mem- 
brane, and impurity-ions in water to be treated are 
hardly adsorbed on the ion exchange resin, and a 
deionised water having a high: purity can not be 30 
obtained. On the other hand, if the pressure difference 
to the atmospheric pressure exceeds 20 kg •cm' 2 , a 
wall of an eJectrodialyzer and an ion exchange mem- 
brane are liable to be damaged, 

Examples of a method for accommodating an ion 35 
exchanger in demineralizing compartments under a 
pressurized state include a method which comprises 
packing an ion exchanger in a closed space and swell- 
ing the ion exchanger, a method which comprises pack- 
ing an ion exchanger iaa cjosed space and reducing a 40 
volume of the closed space, a method which comprises 
packing an ion exchanger together with other packing 
materials in a closed space and swelling the packed 
materials. 

^ More complete examples of the above methods 45 
include a method which comprises packing a dry resin 
and then swelling with water, a method which comprises 
packing an addition type resin and converting the resin 
into a regeneration type to swell, a method which com- 
prises combining the above .two methods, a, method so 
which comprises packing an ion exchanger in deminer- 
alizing compartments and compressing compartment 
frames to reduce a thickness of the demineralizing com- 
partments, thereby reducing their volumes, a method 
which comprises packing an ion exchanger and a mate- 55 
rial swellable with water in dry state other than ion 
exchange resin and swelling with water, and the like. 
In any of the above methods, it is preferable to 



employ an optimized method since troubles such as 
wrinkles of a membrane, a drift current and the like are 
caused when the pressure becomes ununiform. 

EXAMPLES 

Hereinafter, the present invention is further illus- 
trated by Example (Example 3) and Comparative Exam- 
ples (Example 1 and Example 2), but should not be 1 
limited thereto. 

EXAMPLE 1 

A sulfonic acid type cation exchange resin (Diaion 
SK1B: tradename manufactured by Mitsubishi Chemi- 
cal Corporation) having an average particle size*of 620 
urn and anion exchange capacity of 4.2 meq/g dry resin 
and a quaternary ammonium salt type anion exchange 
resin (Diaion SA10A: tradename manufactured by Mit- 
subishi Chemical Corporation) having an average parti- 
cle size of 540 fim and an ionexchange capacity of 3.7 
meq/g dry resin were dried and mixed in a ratio of cation 
exchange resin/anion exchange resin of 50/50 (volume 
ratio in dry state) to prepare a mixture having an ion 
exchange capacity ratio of 60/40. 

3 wt% of a linear low density polyethylene (Affinity 
SM-1 300: tradename manufactured by Dow Chemical 
Company) was mixed with the above prepared mixture, 
and the mixture was kneaded at 120 to 130?C. The 
kneaded material thus obtained was heatformed by a 
flat plate press at 130°C to obtain a sheet-like porous 
ion exchanger having a thickness of 6 mm. 

A cation exchange membrane (Selemion CMT: : 
tradename manufactured by Asahi Glass Company 
Ltd.) and an anion exchange membrane (Selemion 
AMP: tradename manufactured by Asahi Glass Com- 
pany Ltd.) were alternately arranged between an anode 
and a cathode so as to provide 5 pairs of demineralizing 
compartments compartmentalized with anion exchange 
membranes on the anode side and compartmentalized 
with cation exchange membranes on the cathode side 
and concentrating compartments compartmentalized 
with cation exchange membranes on the anode side 
and compartmentalized with anion exchange mem- 
branes on the cathode side alternately arranged. An 
effective area of the above membranes was 1 .6 m 2 . The 
above prepared sheet-like porous ion exchangers were 
fixed in the demineralizing compartments where water 
is supplied to swell the porous ion exchangers to adjust 
a pressure in a gap to the ion exchange membranes to 
about 2 kg • cm* 2 

In such a state, water permeability of the porous ion 
exchangers was 130 kg • cm" 1 • h" 1 under a pressure of 
0.35 kg • cm* 2 : Thereafter, deionisation test was carried 
out by supplying water having an electroconductivity; of 
7^S*cm* 1 in an amount of 2.8 m 3 : * h* 1 as a wfcter to be 
treated, and as a result, a deionized water having an 
electric resistance of 15.6 Mn *cm was obtained. Unit 
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cell voltage was 7.3 V. 
EXAMPLE 2 



The same cation exchange resin and anion 
i exchange resin as used in Example 1 were respectively 
x dned, and 3 wt% of a linear low density polyethylene 
{Affinity SM-1300: tradename manufactured by Dow 
Chemical Company) was mixed with each of the above 
ion exchange resins, and each mixture was kneaded at 
120 to 130'C. Thereafter, each of the kneaded cation 
exchange resin and the kneaded anion exchange resin 
was heat-formed by a flat plate press at 1 30*C to obtain 
a sheet-like cation exchanger A having a thickness of 6 
mm and a sheet-like anion exchanger B having a thick- 
ness of 6 mm. Thereafter, the cation exchanger A and 
the anion exchanger B' were punched, and the punched 
disk-like cation exchanger A having a diameter of 2 cm 
was fixed into the punched anion exchanger B in such a 
manner as illustrated in Figure 1 to prepare a porous ion 
exchanger, havjng a dot-like pattern. 

Each sheet of the above prepared porous ion 
exchangers was accommodated in each of the dem- 
oralizing compartments of the same electrodialyzer as 
used in Example 1, and water is supplied thereto to 
swell the porous ion exchanger, thereby adjusting a 
pressure in a gap to an ion exchange membrane to 
about 2 kg • cm: 2 . In such a state, water permeability of 
the porous ion exchanger was 130 kg -em' 1 • h" 1 under 
a pressure of 0.35 kg - cm' 2 . Thereafter, water having 
an electroconductivity of 7 nS • cm" 1 was supplied in an 
amount of 2.8 m 3 • h r as a water to be treated, and an 
electric current of 40 A • m^ 2 was applied thereto, and as 
this result/ a deionised water having an electric resist- 
ance of 17.6 Ma-cm was obtained. Unit cell voltage 
was 15.3 V. y 

EXAMPLE 3 

The same ion exchange resins as used in Example 
1 were dried, and the dry cation exchange resin and the 

dry anion exchange resin were mixed in a weight ratio of 
8/2 (cation exchange resin/anion exchange resin) and 
a sheeMike.f irst porous ion exchanger was prepared in 4 

the same manner as in Example 1. Thereafter, an anion 45 
exchange resin and a cation exchange resin were 

mixed in a weight ratio of 8/2 (anion exchange resin/cat- 
ion exchange resin), and a sheet-like second porous ion 
exchanger was prepared in the same manner as in 
Example 1. Thereafter, by using the above prepared two so 5 
porous ion exchangers, a porous ion exchanger having 
such a dot-like pattern as shown in Figure 1 was pre- 
pared in the same manner as in Example 2. 

Each sheet of the above ion exchangers was 
accommodated in each demoralising compartment in 55 
the same electrodialyzer as used in Example 1 and 
water is supplied to swell the above ion exchangers to 
adjust a pressure in a gap to an ion exchange mem- 



brane to about 2 kg • cm* 2 . Water permeability of the ion 
exchanger was 100 kg • cm' 1 • hinder a pressure of 
0.35 kg • cm 2 . Thereafter, water having art electrocon- 
ductivity of 5 nS - cnv 1 was supplied in an amount of 2,8 
5 m • h* as a water to be treated, and an electric current 
of 40 A • m* 2 was applied thereto, anckas this result a 
deionized water having an electric resistance of 17.3 
Mn • cm was obtained. Unit cell voltage was 1 0.0 V. 
According to the apparatus for producing deionized 
10 water of the present invention, pure wafer having a high 
purity can be stably produced under a low voltage. 

Claims 

15 1 . An apparatus for producing deionized water, which 
has an ion exchanger accdmmodated in demineral- 
izing compartments of an electrodialyzer having 
cation exchange membranes and anion exchange 
membranes alternately arranged between an 
20 anode and a cathode, wherein the ion exchanger is 
a composite ion exchanger comprising ■ a first 
porous ion ; exchanger having: a mixture of 60 to 95 
wt% of cation exchange resin particles and 5 to 40 
wt% of anion exchange resin particles bonded to 
25- each other and a : second porous ion exchanger 
having a mixture of 60 to 95 wt% of anion exchange 
resin particles and 5 to 40 wt% of cation exchange 
resin particles bonded to each other, v 

30 2. The apparatus for producing deionized water 
according to Claim 1, wherein the first porous ion 
exchanger and the second porous iorr exchanger 
are accommodated in a layered form irr the dem- 
oralizing conpartments. 

3. The apparatus for; producing deionized water 
according to Claim 1, wherein the first porous ion 
exchanger and the second porous ion exchanger, 
are arranged in the demoralizing compartments, 
to in such a manner as to make one of the two ion 
exchangers in a continuous form and the other of 
the two ion exchangers in a discrete spot-like form. 



The apparatus for producing deionized water 
according to any one of Claims 1 to 3, wherein the 
composite iorr exchanger has a water permeability 
of 1 kg • cm* 1 * h* 1 under a pressure of 0.35 kg • cm- 

The apparatus for producing deionized water 
according to any one of Claims 1 to 4. wherein the 
first porous ion exchanger or the second porous ion 
exchanger comprises ion exchange resin particles 
bonded with a binder polymer. * 



6. The apparatus for producing deionized water 
according to any one of Claims 1 to 5. wherein the 
first porous ion exchanger and the second porous 
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ion exchanger are bonded to each other. 

7. The apparatus for producing deionized water 
according to any one of Claims 1 to 6, wherein the 
composite ion exchanger is accommodated in the s 
demineralizing compartments under a pressure of 
0.1 to 20 kg •cm" 2 . 
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